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bstract
The concentrations of natural radionuclides in the sediments from Thazhankuda (Cuddalore) to Kodiyakkarai of east coast of
amilnadu have been measured using gamma-ray spectrometry. Using the activity concentrations of these radionuclides, radiological
azard indices were evaluated in order to determine the effects of the sediments. The calculated average value of uranium, thorium
nd potassium are 3.8, 26.23 and 328.68 Bq kg−1, respectively. The radium equivalent activity (Raeq), absorbed dose rate, annual
ffective dose rate, activity utilization index, internal and external radiation hazard indices were calculated to study the hazardous
ature. These values obtained from the coastal sediments were less than the recommended safe and criterion limits given by
NSCEAR. Results of the study could serve as an important baseline radiometric data for future epidemiological studies and
onitoring initiatives in the study area. The statistical methods were applied to study the relationship between all the calculated
atural radionuclides.
 2014 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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1.  Introduction
Natural radionuclides have been the components of
the earth since its existence. It is widely spread in earth’s
environment and exists in soil, sediment, water, plants
and air. There are many naturally occurring radionu-
clides in environment, containing uranium and thorium
series radioisotopes and natural 40K [1]. The natural
radioactivity in soil comes from U and Th series and
natural K. Natural environmental radioactivity and asso-
ciated external exposure due to gamma radiation depend
primarily on the geological conditions of soil and sed-
iment formations of each region in the world [2]. The
study of natural radioactivity in marine and coastal
environments is of significant importance for better
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understanding of oceanographic and sedimentological
processes. The distribution of natural radionuclides in
the seabed can be used as a tracer for both sediments
and dredged soil dispersal and accumulation mech-
anisms [3]. They also provide an estimation of the
sedimentological composition of the seabed [4]. Usu-
ally, the activity concentration of radionuclides increases
inversely with the grain size [5] and, in proportion, with
the density of the sediment [6]. The U–Th radionuclides
are associated with heavy minerals, whereas 40K is con-
centrated within clay minerals [7]. In addition, other
parameters such as mineralogy, organic content, and geo-
chemical composition could play an important role in the
absorption of radioactive elements in the sediments.
The main objective of this study is to determine nat-
ural radionuclide activity concentrations in sediment
samples distributed along the east coast of Tamilnadu,
India. Multivariate statistical methods were applied to
study the relationship between the natural radionuclides
and the radiological parameters. There is no informa-
tion available on the level of natural radionuclides in
Thazhankuda (Cuddalore) to Kodiyakkarai Coast in the
literature. This coast is a very important environmental,
economical, commercial, agricultural and recreational
location in Tamilnadu, India. The result of this study
provides data on the level of natural radioactive back-
ground.
2.  Materials  and  methods
2.1.1.  Sampling  and  sample  preparation
Sediment samples were collected from Thazhankuda
(Cuddalore) to Kodiyakkarai coast during pre-monsoon
condition. The sampling positions are given in Fig. 1. The
locations of the areas are 11◦45′52.90′′ N 79◦47′43.80′′E
for Thazhankuda and 10◦18′18.28′′ N 79◦52′59.61′′ E
for Kodiyakkarai. Samples were collected using a Grab
Sampler. The sediment samples were collected from a
depth of 5 cm from the surface and each sample location
covered the surface area of 1 m ×  1 m. Each sample has
the weight of about 3 kg. The collected samples were air
dried at room temperature in open air. The samples were
placed in plastic pouches and transported to the labora-
tory. Sediment samples were oven dried at a temperature
of 105 ◦C for 12 h and sieved through 250-m mesh. The
homogenized sample was placed in a 250-g airtight PVC
container. The inner lid was placed in and closed tightly
with outer cap. Each sediment sample container was left
for at least 5 weeks to reach secular equilibrium between
radium and thorium, and their progenies [8].ersity for Science 8 (2014) 375–384
2.2.  Gamma  spectrometric  analysis
All samples were subjected to gamma spectral anal-
ysis with a counting time of 10,000 s. A 3 in. ×  3 in. NaI
(Tl) detector was employed with adequate lead shielding
which reduced the background by a factor of about 95%.
The concentrations of various radionuclides of interest
were determined in Bq kg−1 using the count spectra.
To find out the radioactivity content in soil samples
the systems have to be efficiency calibrated for vari-
ous energies of interest in the selected sample geometry.
As the measurement is for the natural radioactive ele-
ments 40K, uranium and thorium, the gamma energies
selected are 1460 keV for 40K, 1763 keV (from daughter
product 214Bi) for uranium and 2614 keV (from daugh-
ter product 208Tl) for thorium [14]. The detection limit
of NaI(Tl) detector system for 40K, 238U and 232Th are
8.5, 2.21 and 2.11 Bq kg−1 respectively for a counting
time of 10,000 s.
3.  Results  and  discussion
3.1.1.  Activity  concentrations  of 238U, 232Th  and
40K  in  the  sediments
The activity concentrations of 238U, 232Th and 40K
sediment samples are given in Table 1. All values are
given in Bq kg−1 of dry weight. The activities range
and mean values (in brackets) for 238U, 232Th and
40K are ≤2.21–23.9 (3.80), ≤2.11–95.03 (26.23) and
185.16–502.58 (328.68) Bq kg−1, respectively. The wide
variations of the activity concentration values are due to
their presence in the marine environment and their phys-
ical, chemical and geo-chemical properties [9,10]. The
results show that the mean activity of 238U, 232Th and
40K are lower when compared with worldwide average
values (35 Bq kg−1 for 238U, 30 Bq kg−1 for 232Th and
400 Bq kg−1 for 40K) of this radionuclide in the sediment
[11].
3.2.  Radium  equivalent  activity  (Raeq)
The radium equivalent activity, Raeq [12] was calcu-
lated according to Eq. (1). The radium equivalent concept
allows a single index or number to describe the gamma
output from different mixtures of uranium, thorium, and
40K in sediments samples from different locations.
Raeq =  AU +  1.43ATh + 0.07AK (1)
where AU, ATh and AK are the specific activity concen-
trations of 238U, 232Th and 40K (Bq kg−1), respectively.
It has been assumed here that 370 Bq kg−1 of 238U or
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Fig. 1. Different locations of sediment samples of east coast of Tamilnadu.
Table 1
Natural activity concentrations of 238U, 232Th, 40K in Coastal sediment samples of east coast of Tamilnadu.
S. no. Location Sample ID N (Degrees) E (Degrees) Activity Concentrations (Bq kg−1) Raeq
(Bq kg−1)
238U 232Th 40K
1 Thazhankuda CTK 11◦45′52.90′ ′ 79◦47′43.80′ ′ BDL 11.7 ± 4.09 318 ± 24.57 41.22
2 Devanampattinum CDM 11◦43′34.60′ ′ 79◦47′1.20′ ′ BDL 31.28 ± 4.65 208.54 ± 23.88 60.79
3 Singarrathoppu COT 11◦43′3.30′ ′ 79◦48′11.73′ ′ BDL 47.33 ± 5.03 185.16 ± 24.31 81.94
4 Ayyampet CAP 11◦35′12.00′ ′ 79◦45′26.50′ ′ BDL BDL 258.58 ± 23.59 19.91
5 Samiyarpet CSP 11◦33′3.90′ ′ 79◦45′35.00′ ′ BDL BDL 241.54 ± 23.36 18.6
6 Parangipet CPT 11◦31′34.00′ ′ 79◦45′59.40′ ′ 13.65 ± 8.14 30.38 ± 4.58 261.36 ± 25.11 77.22
7 Pichavaram CPI 11◦24′38.65′ ′ 79◦48′52.00′ ′ 8.58 ± 5.53 59.81 ± 5.37 325.66 ± 26.86 119.18
8 Kodiyampalayam KDM 11◦22′52.30′ ′ 79◦49′21.97′ ′ 14.38 ± 6.15 95.03 ± 6.13 301.22 ± 28.26 173.47
9 Pazhaiyar NPZ 11◦19′57.90′ ′ 79◦50′12.30′ ′ BDL BDL 394.72 ± 24.31 30.39
10 Sirkazhi NSI 11◦13′40.22′ ′ 79◦50′57.56′ ′ BDL 11.39 ± 3.96 342.81 ± 24.24 42.68
11 Poombukar NPB 11◦ 8′26.20′ ′ 79◦51′27.50′ ′ BDL 11.58 ±4.0 349.32 ± 24.81 43.46
12 Tharangambadi TRGB 11◦ 1′28.70′ ′ 79◦51′23.30′ ′ 15.45 ± 5.92 73.75 ± 5.72 337.38 ± 28.08 146.89
13 Karaikal PKK 10◦54′57.00′ ′ 79◦51′12.50′ ′ 23.9 ± 6.16 71.6 ± 5.75 341.6 ± 28.92 152.59
14 Nagore NGR 10◦49′21.60′ ′ 79◦51′5.59′ ′ BDL 24.93 ± 4.37 335.4 ± 24.36 61.48
15 Akkaraipettai NAP 10◦44′37.40′ ′ 79◦51′5.00′ ′ BDL 8.03 ± 3.84 336.94 ± 24.19 37.43
16 Velankanni VLK 10◦41′2.50′ ′ 79◦51′12.70′ ′ BDL 15.22 ± 4.45 292.5 ± 23.82 44.29
17 Thirupoondi TPI 10◦37′31.36′ ′ 79◦51′17.84′ ′ BDL 26.81 ± 4.15 273.89 ± 24.08 59.43
18 Vettaikaranthoppu VKT 10◦32′50.89′ ′ 79◦51′36.40′ ′ BDL BDL 502.2 ± 28.08 38.67
1
2
A9 Vedaranium VED 10◦22′30.90′ ′ 79◦52′17.10
0 Kodiyakkarai KODI 10◦18′18.28′ ′ 79◦52′59.61
verage ′ ′ BDL 5.7 ± 4.5 464.27 ± 27.35 43.9
′ ′ BDL BDL 502.58 ± 28.0 38.7
3.8 26.23 328.68 66.61
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259 Bq kg−1 of 232Th or 4810 Bq kg−1 of 40K produce
the same gamma dose rate. Raeq is related to the external
-dose and internal dose due to radon and its daughters.
As can be seen from Table 1, the Raeq values for the
sediment samples varied from 18.60 to 173.47 Bq kg−1
with an average of 66.61 Bq kg−1. It is noteworthy that
all the values of Raeq do not exceed the suggested max-
imum admissible value of 370 Bq kg−1 [13].
3.3.  Evaluation  of  radiological  hazard  effects
3.3.1.  Absorbed  gamma  dose  rate  (DR)
The absorbed gamma dose rates due to gamma radi-
ations in air at 1 m above the ground surface for the
uniform distribution of the naturally occurring radionu-
clides (238U, 232Th and 40K) were calculated which
based on the guidelines provided by UNSCEAR [11].
The conversion factors used to compute the absorbed
gamma dose rate (DR) in air per unit activity con-
centration in Bq kg−1 (dry weight) corresponds to
0.462 nGy h−1 for 238U, 0.604 nGy h−1 for 232Th and
0.042 nGy h−1 for 40K. Therefore DR can be calculated
as follows:
DR(nGy h−1) =  0.462AU +  0.604 ATh +  0.042AK
(2)
where AU, ATh and AK are the activity concentrations
of 238U, 232Th and 40K in Bq kg−1, respectively. The
absorbed dose rate values (Table 2) range between 10.14
and 82.12, with a mean value of 32.91 nGy h−1. The esti-
mated mean value of DR in the studied samples is lower
than the world average (populated-weighted) absorbed
gamma dose rate of 84 nGy h−1.
3.3.2.  Annual  effective  dose  rate  (AEDR)
The annual effective dose rate (AEDR) in mSv y−1
resulting from the absorbed dose values (DR) was calcu-
lated using the following formula [11,14]
Ann. Eff. dose rate(mSvy−1) =  DR(nGyh−1)
×8760h y−1 ×  0.7 × 10
3 mSv
109 nGy
×  0.2
AEDR =  DR ×  1.23 ×  10−3 (3)
The annual effective dose (Table 2) ranged between
−10.01 and 0.10 with a mean value of 0.04 mSv y .
In normal background areas, the average annual
indoor effective dose from terrestrial radionuclides is
0.46 mSv y−1 [15]. Therefore, the obtained mean valueersity for Science 8 (2014) 375–384
from this study (0.04 mSv y−1) is lower than the world
average value.
3.3.3. Activity  utilization  index  (AUI)
In order to facilitate the calculation of dose rates in air
from different combinations of the three radionuclides
in sediments and by applying the appropriate conversion
factors, an activity utilization index (AUI) is constructed
that is given by the following expression [16],
AUI =
(
AU
50 Bq kg−1
)
fU +
(
ATh
50 Bq kg−1
)
fTh
+
(
AK
500 Bq kg−1
)
fK (4)
where ATh, AU and AK are activity concentrations (in
Bq kg−1) of 232Th, 238U, and 40K and fTh (0.604), fU
(0.462) and fK (0.041) are the fractional contributions
to the total dose rate in air due to gamma radiation
from the actual concentrations of these radionuclides.
In the NEA-OECD Report, typical activities per unit
mass of 232Th, 238U, and 40K in sediments ATh, AU and
AK are referred to be 50, 50 and 500 Bq kg−1, respec-
tively [17]. The activity utilization index of the sediment
samples is calculated using Eq. (4). The calculated val-
ues (Table 2) vary from 0.020 (Samiyarpet) to 1.306
(Kodiyampalayam) with an average of 0.379. This value
shows that AUI are less than 2, which corresponds to an
annual effective dose of <0.3 mSv y−1 [18].
3.3.4. Radiation  hazard  indices
Beretka and Mathew [13] defined two other indices
that represent external and internal radiation hazards.
The external and internal hazard index is obtained from
Raeq expression through the supposition that its allowed
maximum value (equal to unity) corresponds to the upper
limit of Raeq (370 Bq kg−1). The external hazard index
(Hex) and internal hazard index (Hin) can then be defined
as
Hex =
(
AU
370 Bq kg−1
)
+
(
ATh
259 Bq kg−1
)
+
(
AK
4810 Bq kg−1
)
(5)185 Bq kg 259 Bq kg
+
(
AK
4810 Bq kg−1
)
(6)
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Table 2
Radiological parameters in coastal sediment samples of east coast of Tamilnadu.
S. no. Sample ID Absorbed
dose rate
(DR) (nGy h−1)
Annual effective
dose rate (AEDR)
(mSv y−1)
Activity
utilization
index (AUI)
Hex Hin RLI
1 CTK 21.15 0.026 0.168 0.111 0.111 0.329
2 CDM 29.59 0.036 0.395 0.164 0.164 0.452
3 COT 39.3 0.048 0.587 0.221 0.221 0.597
4 CAP 10.86 0.013 0.022 0.054 0.054 0.172
5 CSP 10.14 0.012 0.02 0.05 0.05 0.161
6 CPT 37.08 0.046 0.515 0.209 0.245 0.569
7 CPI 57.2 0.07 0.829 0.322 0.345 0.872
8 KDM 82.12 0.101 1.306 0.468 0.507 1.247
9 NPZ 16.58 0.02 0.033 0.082 0.082 0.263
10 NSI 21.98 0.027 0.166 0.115 0.115 0.342
11 NPB 22.38 0.028 0.169 0.117 0.117 0.349
12 TRGB 69.93 0.086 1.062 0.397 0.438 1.065
13 PKK 72.31 0.089 1.114 0.412 0.477 1.103
14 NGR 30.69 0.038 0.329 0.166 0.166 0.473
15 NAP 19.5 0.024 0.125 0.101 0.101 0.305
16 VLK 22.42 0.028 0.208 0.12 0.12 0.347
17 TPI 29.36 0.036 0.347 0.16 0.16 0.451
18 VKT 21.09 0.026 0.042 0.104 0.104 0.335
19 VED 23.3 0.029 0.108 0.119 0.119 0.367
2
A
w
2
b
t
u
v
t
t
f
m
t
r
i
3
(
c
r
[
R
w
t
T
g0 KODI 21.11 0.026 
verage 32.91 0.040 
here AU, ATh, and AK are the activity concentrations of
38U, 232Th and 40K, respectively. This index value must
e less than unity in order to keep the radiation hazard
o be insignificant. The calculated external hazard val-
es are between 0.050 and 0.468 (Table 2). The mean
alue of the external hazard index (0.180) is less than
he recommended value. The calculated internal radia-
ion hazard index (Hin) of the sediment samples varies
rom 0.111 to 0.104 with an average of 0.190. The recom-
ended value of internal radiation hazard index is less
han 1. Therefore, these areas may not pose radiological
isks to the inhabitants owing to harmful effects of ioniz-
ng radiation from the natural radionuclides in sediments.
.3.5. Gamma  radiation  representative  level  index
RLI)
Estimation of the level of gamma radioactivity asso-
iated with different concentrations of some specific
adionuclides is known as the representative level index
20], which is given as
LI = 1
150
AU + 1100ATh +
1
1500
AK (7)here ATh, AU and AK are the average activity concen-
rations of 232Th, 238U and 40K in Bq kg−1, respectively.
he calculated RLI values for the samples under investi-
ation are given in Table 2. The representative level index0.042 0.104 0.104 0.335
0.379 0.180 0.190 0.507
varies from 0.161 to 1.247 with an average of 0.507. Val-
ues of RLI ≤  1 correspond to an annual effective dose
of less than or equal to 1 mSv. Except three locations
(Kodiyampalayam, Tharangambadi and Karaikal), the
values of RLI for the coastal sediment samples do not
exceed unity [19]. The researcher feels that these three
locations affected by Tsunami might be the reason for
slight variation than the other locations.
3.4.  Statistical  treatment
By using gamma-spectroscopy technique, activity
concentration of naturally occurring radionuclides was
determined in sediments. The basic statistics were used
to describe the statistical characteristics of radionuclides.
Conventional and multivariate statistical procedures for
data treatment and graphics were performed using the
commercial statistics software package SPSS (version
16.0) for Windows.
Cluster analysis and Pearson correlation were carried
out in order to clarify the relationship among the vari-
ables, especially the influence of sediment parameters on
the distribution of natural radionuclides. Cluster analysis
is a useful statistical method which presents visually the
degree of association among variables. Principal compo-
nents analysis (PCA) is the most common technique used
to summarize patterns among variables in multivariate
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Table 3
Descriptive statistics.
Variables 238U 232Th 40K
Mean 3.8 26.227 328.68
Std. deviation 7.212 28.6793 86.248
Variance 52.007 822.504 7.44E+03
Skewness 1.736 1.136 0.642
Kurtosis 1.998 0.308 0.279
Range 24 95 317
Minimum BDL BDL 185
Maximum 24 95 503
Frequency 20 20 20
complexity of minerals in sediment samples.datasets. The PCA is a way of identifying patterns in
variables, and expressing data in such a way to highlight
their similarities and differences. The main advantage
of PCA is that, once the patterns have been found, data
can be compressed reducing the number of dimensions,
without much loss of information.
3.5.  Basic  statistics
The results of the statistical parameters are presented
in Table 3. In probability theory and statistics, skewness
is a measure of the asymmetry of the probability distri-
bution of a real valued random variable. Skewness has
benefits in many areas. Many models assume normal dis-
tribution, i.e., data are symmetric about the mean. The
normal distribution has a skewness of zero. However,
in reality, data points may not be perfectly symmet-
ric. Therefore, an understanding of the skewness of the
Fig. 2. The frequency distributioersity for Science 8 (2014) 375–384
dataset indicates whether deviations from the mean are
going to be positive or negative. Skewness characterizes
the degree of asymmetry of a distribution around its
mean [20]. Positive skewness indicates a distribution
with an asymmetric tail extending towards values that
are more positive. Negative skewness indicates a distri-
bution with an asymmetric tail extending towards values
that are more negative. Lower skewness value form gen-
erally normal distributions. All the radionuclides have
the positive skewness values (Table 3) which indicate
the asymmetric nature.
Kurtosis is a measure of the peakedness of the proba-
bility distribution of a real-valued random variable. It
characterizes the relative peakedness or flatness of a
distribution compared with the normal distribution. Pos-
itive Kurtosis indicates a relatively peaked distribution.
Negative kurtosis indicates a relatively flat distribution.
Higher kurtosis means more of the variance is a result
of infrequent extreme deviations, as opposed to frequent
modestly sized deviations [21]. In the present case all
the radionuclides have positive kurtosis values (Table 3)
which indicates a peaked distribution.
The frequency distributions of all radionuclides were
analyzed, and the histograms are given in Figs. 2–4. The
graph of 40K shows that these radionuclides demonstrate
a normal (bell-shape) distribution. But 238U and 232Th
exhibited some degree of multi-modality. This multi-
modal feature of the radio-elements demonstrates theThe univariate statistical analysis has been generally
used to treat radioactive elements data in environmen-
tal samples. The simplicity of the univariate statistical
n of the activity of 238U.
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tribution
a
t
p
n
e
a
mFig. 3. The frequency dis
nalysis is obvious and likewise the fallacy of reduc-
ionism could be apparent [22]. In order to avoid this
roblem, multivariate analysis such as principal compo-
ent analysis (PCA), factor and cluster analysis is used to
xplain the correlation amongst a large number of vari-
bles in terms of a small number of factors without losing
uch information [23]. The intention underlying the use
Fig. 4. The frequency distributio of the activity of 232Th.
of multivariate analysis is to achieve great efficiency of
data compression from the original data, and to gain
some information useful in the interpretation of the envi-
ronmental geochemical origin. This method can also
help to simplify and organize large data sets to provide
meaningful insight [24], and can help to indicate natu-
ral associations between samples and/or variables [25]
n of the activity of 40K.
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Table 4
Rotated factor loading of the variables.
Variables Component
Factor-1 Factor-2
238U 0.871 −0.01522
232Th 0.966 −0.24449
40K −0.07 0.997655
Raeq 0.997 −0.07705
DR 0.999 −0.05271
AEDR 0.999 −0.05271
Hex 0.997 −0.07763
Hin 0.995 −0.06967
RLI 0.998 −0.06091
AUI 0.981 −0.19639
% of variance explained 73.81 26.12382 S. Sivakumar et al. / Journal of Taiba
thus highlighting the information not available at first
3 glance.
This multivariate treatment of environmental data
is widely successfully used to interpret relationships
among variables so that the environmental system
could be managed [26]. In this work, radioactivity
measurements acquired by the spectrometric gamma
technique were subjected to qualitative and quantitative
statistical analyses in order to draw a valid conclusion
regarding the nature and significance of the radioactive
elements distribution in sediment samples of east coast
of Tamilnadu, Tamilnadu, India.
The main statistical software in use was “Statistical
Program for the Social Science (SPSS 16.0/PC)”. The
activity concentration of 238U, 232Th and 40K and the
radiological parameters are taken for analysis.
3.6.  Pearson’s  correlation  coefﬁcient  analysis
Correlation analysis has been carried out, as a
bivariation statistics in order to determine the mutual
relationships and strength of association between pairs
of variables through calculation of the linear Pearson
correlation coefficient. High good positive correlation
co-efficient was observed between 232Th and 238U
because radium and thorium decay series occur com-
bined together in nature [27]. But very weak negative cor-
relation co-efficient was observed between 40K and 238U,
232Th since 40K origins are in different decay series.3.7.  Principal  component  analysis
Principal component analysis (PCA) was applied to
between the studied variables using varimax rotation
Fig. 5. Graphical representation of factwith Kaiser normalization method (Table 4). From the
correlation matrix the eigen values and eigen vectors
are extracted to explain the number of significant factors
and the percent of variance explained. Table 4 shows
the results of the factor loadings with a varimax rota-
tion, as well as the eigen values and communalities. The
results showed that there were two eigen values higher
than one and that these two factors could explain over
99.93% of the total variance. Normally, an ordination
result was good if the value was 75% [28]. As seen from
Table 4, the first component (PC1) explained 73.81% of
the total variance and loaded heavily on uranium and
thorium series. The second component (PC2) was cor-
related very strongly with potassium and AUI with
a high loading value (0.997 and −0.196, respec-
tively), accounting for 26.12% of the total variance.
ors 1 (73.81%) and 2 (26.12%).
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his high gratitude to Dr. B. Venkatraman, AD, RSEG,Fig. 6. Dendrogram shows cluster formation between radio
ig. 5 shows the rotated factor loadings of radiological
arameters.
.8.  Cluster  analysis
Primary purpose of cluster analysis (CA) is the
dentification and classification of groups with similar
haracters in a new group of observations or object. Each
bservation or object within each cluster is same but
he clusters are dissimilar from each other. Similarity is
 measure of distance between clusters relative to the
argest distance between any two individual variables.
he 100% similarity means that the clusters were zero
istance apart in their sample measurements, whereas
imilarity of 0% means the cluster areas are as disparate
s the least similar region. Cluster analysis was car-
ied out through axes to identify similar characteristics
mong natural radioisotopes and radiological parameters
n the sediments.
In CA, the average linkage method along with
orrelation coefficient distance was applied and the
erived dendrogram was shown in Fig. 6. In this den-
rogram, all 10 parameters were grouped into two
tatistically significant clusters. Cluster I was 40K;
luster II was 238U and 232Th consisted of natural
adionuclides, and all radiological parameters distribu-
ion, which appeared in the same cluster. All of the
atural radioisotopes were represented as one group with
imilar characteristics as they originated from 232Th
nd 238U series. 40K was identified in another group
rder far from the other radioisotopes and grouped
losely with the group of grain size distribution. The
lose relation between 238U and 232Th series members
40ut not with K was in accordance with the results
29,30].
Cluster analysis proved to be useful semi-quantitative
echnique for analyzing the data and determining thearameters of sediment samples of east coast of Tamilnadu.
linkages between sediment samples from various loca-
tions.
4.  Conclusion
(i) The activity concentrations of 238U, 232Th and
40K in sediments collected from Thazhankuda (Cud-
dalore) to Kodiyakkarai, east coast of Tamilnadu had
been determined. (ii) Using the activity concentra-
tions of these radionuclides, radiological hazard indices
were evaluated in order to determine the effects of
the natural radionuclides in sediments. (iii) The result
indicates that average value of the each radiological
hazard parameter is below the world average value
reported in UNSCEAR. It seems therefore that no
potential radiological health hazard may directly be
associated with the sediments from Thazhankuda (Cud-
dalore) to Kodiyakkarai, east coast of Tamilnadu. (iv)
The processed statistical methods also confirm that these
study area does not possess significant gamma radia-
tion effects. (v) The future research needs to study more
extensively on the three locations (Kodiyampalayam,
Tharangambadi and Karaikal), which shows slight vari-
ation than other locations. (vi) The estimated values in
this work can be used as a baseline for future research and
the data obtained in study may be useful for radiological
mapping of the study area.
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